Abstract -A broad-band digital harmonic vector voltmeter was implemented by using a special-purpose random sampling strategy to avoid the bandwidth limitations due to the finite conversion time of the S/H-ADC devices. The experimental results showed that the bandwidth of the instrument is limited only by that of the S/H devices of the acquisition channels, according to the theoretical findings. The maximum amplitude error was not greater than 2%. r(t) ; therefore the instrument evaluates only the spectral r(t) . We indicate with s(t) the corresponding periodic signal. This instrument can be, for example, used to evaluate the response of a non linear two port to a sinusoidal signal applied to its input if this last is assumed as the reference signal.
I. INTRODUCTION
I , . .
s(t> = ES,,ejnmlt
The paper describes the implementation of a broad-band n=-digital harmonic vector voltmeter previously proposed and theoretically studied by the authors [ 11. The instrument adopts a special-purpose random sampling time strategy in which each sampling instant is randomly allocated (with a uniform distribution) within a constant time interval not smaller than the S/H-ADC conversion time [2] . The aim of such pseudorandom sampling strategy is that of avoiding the bandwidth limitation deriving from the finite conversion time of the S/H-ADC devices when equally-spaced sampling strategies are adopted. Such an approach was validated on the implemented instrument by applying sinusoidal input signals within a frequemcy range much greater (one or two ,orders of magnitude) than the inverse of the mean sampling timeinterval; this last was imposed equal to 100 ps and S/H devices with 1.3 MHz small signal bandwidth were used. The instruiment performance was evaluated by considering a sinusoidal signal at 62.5 kHz with different single harmonics and measuring the first twenty harmonic components of a square waveform signal with the same frequency.
MEASUREMENT PROCEDURE
where is the periodic exponential signal corresponding to the reference one r(t) , and the Fourier coefficients S, can be derived as averages once ejwIt is known:
s, =-Is(t)e-jnw"dt .
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It can be shown that the periodic exponential signal e'W" can be determined by introducing a delayed signal r(t-6), obtained from r(t) with a prefixed delay 6[ 13. If 6 is selected in such a way that w16= (2m-1)-with m integer, the following relationship is valid:
e-jw,t =
In order to deduce the required value of 6, we can calculate cos(w16) through the autocorrelation of the signal r(t) and ~k~~ implemented harmonic vector voltmeter provides modulus and phase measurements of the spectral components of a periodic signal with respect to a sinusoidal reference one modify the value of 6 until it is satisfied the condition COS(w&) = 0 .
For the digital implementation of its autocorrelation, the signal r(t) is sampled in correspondence to a sequence of successive couples of delayed instants (tw-,, t,,,-l -6) and the quantity cos(w,6) is estimated with a moving average filter:
where w is an integer which marks a generic state of cos(w,6). Since the delay 6 is obtained through a programmable counter, cos(o,6) can assume only a set of discrete values and the condition cos(o,6) = 0 in general can only be approximated. In this hypothesis it can be shown [ 11 that the periodic exponential signal must be deduced from the following expression:
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where:
We suppose that the value of q is approximately known so that the correct value of m can be deduced. An estimate of the Fourier series coefficients S, of S( t) can be digitally determined with a moving average of the last Nz successive values of the sampled signal s(t) multiplied for the estimate of the sampled n* power of the periodic exponential signal associated to r(t) [I] :
where k is an integer which marks a generic output state of , . ,
S"
In order to avoid any bandwidth limitation due to the finite conversion time of the S/H-ADC devices, a convenient asynchronous random sampling strategy was used [2,3,4,5]. This strategy divides the time axis into successive equal intervals T,; within each of these intervals a random instant with a continuous uniform distribution in the interval is placed. Therefore a generic sampling instant can be defined as follows:
where the unknown constant z, represent the initial shift between the origin of the sampling sequence and the signal r(t), T, is the mean sampling time, Xk-, is the i' components of a set of random independent variables having a common continuous uniform distribution in the interval f a , with a = 1 I 2 . The sequences of the random instants used to estimate cos(o,6) and S, must be different in order to guarantee that they are estimated independently. Figure 1 shows a simplified block diagram of the harmonic vector voltmeter. Because the selected random sampling strategy provides that the time interval between two adjacent sampling instants can be practically null, while the successive one must be distant, from the first, at least of T,, in order to satisfy these conditions each of the three identical acquisition channels are doubled. With reference to fig. 1 , the periodic signal s(t) is applied to the first input module (denominated channel l), while the reference signal r(t) and the delayed one r(t -6) are applied respectively to the second and the third one (channel 2 and channel 3). The timing signals required by each of the acquisition channels and the sampling instants satisfying the adopted random asynchronous sampling strategy are achieved trough a quite complex circuit called sampling time generator. This generator is synchronized with a "master clock" which divides the time axis in equally spaced intervals; within each interval a random sampling instant must be provided. To this RANDOM end a random number of eight bit is generated by the DSP; this number is firstly converted in a correspondent voltage amplitude through a DAC and successively in a time instant by comparing it with a voltage ramp signal starting at each beginning of the time interval and finishing at the end of it. When the amplitudes of the two signals coincide, a sampling pulse is generated. To achieve a continuous random distribution of the sampling instants a random white noise of adequate amplitude is added to the output of the DAC. Eilch channel can accept an input signal in the range k10 V. Eiach module contains a S/H HA-5340 from Harris (bandlwidth 700 kHz, acquisition time 1 p) and the ADC HI 674-A from Harris too (12 bits, conversion time 15 ps). The mean sampling time-interval is T, = 100 ps, i.e. the mean sampling frequency is fcm = 10 kHz.
HARDWARE STRUCTURE
Because the harmonic vector voltmeter requires a heavy data elaboration procedure to perform each measurement, a floating point DSP located on a board connected to a PC has been used. The communication with the external peripherals is realized by mean of a DSP-Link bus. 
GENERATOR
In order to consider reasonable that the set of random sampling instants arise from a uniform continuous distribution, the successive time intervals at the output of the sampling time generator were measured with the universal counter HP 5370B and the Kolmogorov-Smirnov test was successfully applied to them. The instrument calibration, performed only in DC by comparison with the HP3458A multimeter, was realized by adopting the manufacturer's suggested procedure to trim the offset and gain of the ADC until the total DC error was less than +3 mV. The number of successive sampled values of r(t) and r(t -6) used in the moving average filter to estimate cos(o,6) (4) was N, = 213.
Also the value of Nz in (7) was selected equal to 213 . In order to reduce the effect of the noise introduced by the acquisition channels and the mean square error introduced by the sampling strategy, the mean value of ten successive measurements of 5, was considered.
Firstly the frequency response of the harmonic vector voltmeter was evaluated for three different phase values of an input sinusoidal signal s(t) with respect to a reference one r(t) (tab. 1); both these signals were generated by the twochannel synthesizer HP3326A, which allows also to adjust the phase difference between the two signals once a calibration procedure to set the null phase value has been outlined; to this end the digital oscilloscope TK2440 was used. The amplitude of s(t) was measured with the HP3458A multimeter. By recalling the value of the mean sampling frequency fCm = 10 kHz, these results confirm that the adopted random sampling strategy does not introduces any bandwidth limitation [2, 3, 4, 5] ; this last depends only on the bandwidth of the S/H adopted, i.e. 1.3 MHz for small signal operation. At the last the first twenty spectral components of a 62.5 kHz squared waveform with respect to a synchronous cosinusoidal signal with a prefixed n phase difference were measured and compared with the theoretical ones deduced by considering an ideal square signal characterized by the same true RMS value (2 V). This last was measured with the HP3458A multimeter. As far as these measurements we can observe that the amplitude of the fundamental frequency is measured with an error less than .5% while those of the other spectral components are measured with an error not greater than 2%; the value obtained for the spectral components which theoretically are null (even harmonics) depends essentially on the noise introduced by the acquisition channels. We have verified that this noise can be reduced of Figure 3 compares the theoretical shape of a square wave with only the first twenty harmonic components (continuous line) with the experimental one obtained with the measured values (dotted line). 
V. CONCLUSIONS
A Ibroad-band digital harmonic vector voltmeter based on a special purposes random sampling strategy was realized.
The adopted mean sampling frequency was fCm = 10 kHz. The experimental results showed that the bandwidth of the instrument is limited only by that of the S/H devices of the acquisition channels, according to the theoretical findings. The accuracy of the instrument was evaluated with different periodic input signals and the maximum amplitude error resulted not greater than 2%.
